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Gallium nitride futures
and other stories
Gallium nitride-based devices look set to
have increasingly wide application, at
least if the contributions at December’s
International Electron Devices Meeting
(IEDM 2005) in Washington DC are any-
thing to go by. 
Sifting through the III-V-related paper titles at the
International Electron Devices Meeting (IEDM),
one is struck by the preponderance of research
based on GaN and, to a lesser extent, indium. For
GaN-based devices, the emphasis is on handling
high power at high frequencies.The indium
strand is also high frequency, but this time
focused on other needs, such as those of logic
(see also the feature article “Digital III-Vs review”
to appear in the March issue of III-Vs Review).
The bulk of the GaN research was presented in
session 23 on “Quantum, Power and Compound
Semiconductors — GaN High-Power Devices,
Pushing the Limits” (seven papers). However,
there were some ‘GaN’ appearances outside this
session.These extramural activities ranged from
“AlGaN/GaN Devices for Power Switching
Systems” (session 15.5),“Monolithic Integration
of Enhancement- and Depletion-mode
AlGaN/GaN HEMTs for GaN Digital Integrated
Circuits” (32.3),“GaN on Patterned Silicon (GPS)
Technique for GaN-based Integrated
Microsensors” (12.7), and even a low-voltage,
high-speed memory device constructed from
SiO2/AlGaN/AlLaO3/TaN (7.2).
One further GaN reference comes in “Failure
Mechanisms of Gallium Nitride LEDs Related
with Passivation” (40.4).This was presented in a
“Quantum, Power and Compound
Semiconductors” session on light emission,
where one would expect III-V materials to domi-
nate, with maybe one or two attempts to make
silicon shine.This year, however, the tables have
been turned. Of the five papers presented on
light emission, the paper on GaN LED failure
mechanisms was the only paper not to involve
silicon. Indeed, the session was subtitled “Silicon
Challenges Conventional III-V Light Emitters”,
and it is perhaps significant that the GaN paper
title contains the word “failure”, allowing it to be
used on this agenda.
The indium device research was even more
focused on one session:“Quantum, Power and
Compound Semiconductors - High-Speed
Compound Semiconductor Devices for Logic and
Communications” (32). Of the six papers result-
ing from this session, four involve indium.The
remaining two are the GaN paper already men-
tion (32.3) and “Non-Uniform Degradation
Behavior Across Device Width in RF Power GaAs
PHEMTs” (32.6).The only other paper involving
indium in its title was “Wrap-Gated InAs
Nanowire Field Effect Transistor” (11.5).
Looking for GaAs turns up two papers in 
session 32 — one in combination with indium
and the other already mentioned (32.6).The only
remaining GaAs mention in a title comes in
“Ballistic Transport in Si, Ge, and GaAs Nanowire
MOSFETs” (21.3).
Dr Mike Cooke 
IEDM 2005Conference Report
The Washington Monument
in Washington DC, location
for the IEDM 2005 meeting. 
Power play
Gallium nitride and related materials have great
potential to maintain power gains and efficien-
cies up to microwave frequencies of 40 GHz.
GaN-based FETs can operate at higher drain volt-
ages as a result of the higher critical field com-
pared with materials such as GaAs (Table 1).
In an AlGaN/GaN heterostructure FET (HFET),
Nitronex reports a saturated output power of
368 W (10.2 W/mm) at 60 V drain voltage with
70% maximum drain efficiency (23.1). In addi-
tion, rather than the usual SiC (high-power 
applications) or sapphire (Al2O3) substrate, the
HFET was grown on high-resistivity Si(111) 
100 mm wafers in a metal-organic chemical
vapour deposition (MOCVD) process.
Two device varieties were produced with and
without a source field plate (SFP).The interlayer
dielectric consisted of 490 nm of SiNx.The gate
length was 0.7 µm, with a gate-to-source spacing
of 1 µm and a gate-to-drain spacing of 3 µm.The
single-chip transistors had a total gate periphery
of 36 mm with a unit gate width of 200 µm.
The 368 W power output was obtained with a 
2.14 GHz RF signal (typical in W-CDMA base-
stations) with a 300 µs pulse width (1% duty
cycle) on the device with a source field plate.
While the plate enable drain efficiencies to be
maintained at 70% up to 60 V drain bias, the 
non-plate device efficiency falls off, reducing the
obtainable output power.
The difference in the behaviour of the two
devices is related by the authors to a dispersion
phenomenon that becomes ‘prominent’ in the
non-SFP arrangement as maximum drain current
conditions are approached. It is thought that the
field plate redistributes the electric field in the
gate-drain region, reducing the amount of the 
dispersion.
“The DC, RF and reliability performance of these
devices demonstrate the viability of high-power
and high-voltage GaN on Si technology for 
commercial and military applications,” the
authors write.
Field plates appear again in a GaN high-electron-
mobility transistor (see Figure 1) from Cree
(23.5).This device produced 8.05 W, but at the
much higher frequency of 30 GHz (millimetre
waves) at a 31% peak power added efficiency
(PAE).While the Nitronex team used a separated
structure, the device made by Cree uses a 
T-shaped gate to form the field plate.The plate
length on the drain side was 0.3 µm and on the
source side 0.2 µm.
Devices with 100 µm gate width showed a
power density of 8.6 W/mm at 40 GHz. Less
wide components showed lower densities of 
7 W/mm.The 8.05 W performance was obtained
from a pre-matched 1.5 mm wide device with
4.1 dB associated gain.“This is believed to be the
highest power generated from a GaN transistor
at millimetre-wave frequencies to date,” the Cree
team says. Comparison is made with the 
equivalent output power performance from
GaAs monolithic microwave ICs (MMICs) that
are almost ten times bigger at 14.7 mm.
Fujitsu (see Figure 2) is aiming at the same 
2.14 GHz frequency as Nitronex, but with a
rather more intricate n-GaN/n-AlGaN/GaN 
metal-insulator-semiconductor high-electron-
Figure 1. Schematic of Cree’s HEMT with T-shaped gate to
form the field plate. The device width is into the paper.
The layers above the GaN layer are, in order, AlN, AlGaN
and, finally, SiN, into which the nickel-gold gate reaches
down to the AlGaN layer.
Figure 2. Schematic cross-sec-
tion of Fujitsu’s AlGaN/GaN
MIS-HEMT grown on semi-
insulating SiC substrate.
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(Unit) Si GaAs 2H-GaN
Eg (eV) 1.12 1.43 3.4
Ec (MV/cm) 0.25 0.3 3.0
µn,⊥c (cm2/Vs) 1350 8500 400
µp (cm
2/Vs) 480 400 30
εr 11.9 13.0 9.5
Table 1: Comparison of GaN with GaAs and Si. 
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mobility (MIS-HEMT) structure (23.2).
A single-chip amplifier based on the structure
achieves 110 W output power at 60 V with a 
linear gain of 13 dB at 2.14 GHz. Combined with
a digital pre-distortion system (DPD), the 
amplifier demonstrates an adjacent channel leak-
age power ratio (ACLR) of less than –50 dBc for
four-carrier W-CDMA signals. L-band wireless
base-stations are among the target applications
cited. Using SiN as the dielectric layer enables a
breakdown voltage of 400 V. The Fujitsu research
has been focused on reducing forward gate leak-
age currents, which is one of the key issues for
high RF input signals causing performance and
reliability degradation. Fujitsu believes that its
MIS-HEMT is the first to have an output power
greater than 100 W. Saturated power at 60 V was
4.3 W/mm with a PAE of 50.3%. The 110 W 
output power was obtained in a 36 mm 
eriphery device.
Researchers at Germany’s Ferdinand-Braun-Institut
für Höchstfrequenztechnik (FBH) in Berlin have
been working at reducing power losses in the
metal GaN transistor ‘fingers’ that feed power into
the gates of large periphery devices (23.4).
The resulting technique is reported in the paper
as giving 20 dB linear gain for a 28 W packaged
power device at 2 GHz. Since that time, the FBH
team has increased the output power to 100 W at
the same frequency. Essentially, FBH has combined
the feed line and field plate, enabling finger
widths to exceed the 250 µm limit beyond which
the group previously found a reduction in power
density.
The team has dubbed the new structure a 
‘feed-plate’ (see Figure 3). In the new design, the
total finger width is segmented into 125 µm 
sections. Each section has its own mesa isolation
and a feeding connection is provided between
each segment. Passivation layers also provide
mechanical support to the feed-plate. Outside the
mesa areas, the insulating layers are completely
removed.
The 28 W ‘power bar’ device consisted of 11
power cells.The cells contained eight fingers of
up to 500 µm gate width on transistors with an
output power density of 4 W/mm.The PAE was
increase to 46%. Comparison power cell devices,
without the feed-plate structure, suffered power
losses of some 25%.The 28 W power bar consist-
ed of five cells with gate widths of 250 µm 
(20 dB linear gain, 54% PAE,VDS=26 V).The more
recent 100 W device is based on transistor 
structures with a power density of 11 W/mm at
VDS=60 V.
Toshiba reports on GaN HEMTs (see Figure 4)
that are designed for the somewhat lower 
frequency of 27.1 MHz but the much higher 
voltage of 380 V (23.6).The researchers find a
current-collapse effect at these high voltages.
This can be minimised using an optimised field
plate structure.The improved device achieved an
output power of 13.8 W and a PAE of 89.6% for a
drain voltage of 330 V and a 27.1 MHz switching
frequency.
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Figure 3. Side and top views
of FBH’s ‘feed-plate’ arrange-
ment to reduce power losses
in extended transistor ‘finger’
in high-frequency GaN 
power transistors.
Figure 4. Schematic of Toshiba’s lower-frequency 
(27.1 MHz) but higher-voltage (380 V) HEMT. The 
optimised field plate is attached to the source.
Fujitsu believes
that its 
MIS-HEMT is the
first to have an
output power
greater than 
100 W. Saturated
power at 60 V
was 4.3 W/mm
with a PAE of
50.3%.
Joint work between Massachusetts Institute of
Technology in the USA, Japan’s Mitsubishi and
Franklin W. Olin College of Engineering in
Needham, MA, USA has sought the cause of
degradation in RF power GaAs pseudomorphic
HEMTs (fT=40-50 GHz) using light emission data
from bias stress experiments (32.6). Non-unifor-
mity in the electric field across the width of such
devices (see Figure 5), due to the gate recess
geometry, is determined to be the cause of this
behaviour, which is of concern to device reliabili-
ty. Higher electric fields cause an increase in
impact ionisation, which also results in light
emission. Degradation was accelerated using an
aggressive bias current (nearly three times the
normal operation level) and a bias stepping
scheme for the drain voltage.
Away from communications applications,
developers at Matsushita and the Nagoya
Institute of Technology in Japan look forward to
the prospect of AlGaN/GaN devices challenging
silicon metal oxide semiconductor (MOS) and
insulated gate bipolar (IGBT) transistors in
power-switching applications (15.5).
One Mitsubishi device uses a combination of
superlattice capping and quarternary alloys to
enable the production of devices on Si(111) sub-
strates with almost the same mobility and two-
dimensional electron gas (2DEG) density as GaN
devices built on more traditional, more expensive
substrates (see Figure 6).The paper reports an
on-resistance-area product (RonA) of 1.9 mΩcm2
(which is 14 times lower than in comparable sili-
con devices) and a breakdown voltage of 350 V
for the resulting AlGaN/GaN on Si FETs.
High speed
A paper from Canada’s Simon Fraser University
(Bolognesi et al.) looks at the type-II heterostruc-
ture system of InP/GaAsSb for the creation of
high-speed double heterojunction bipolar transis-
tors (DHBTs) and photodetectors. In a type-II
system, carriers are confined to different layers
of the heterostructure.This enables straightfor-
ward injection of electrons from a 0.72 eV p-type
GaAsSb layer into the n-type InP layer without
any interface grading.
Among the hoped-for applications is that 
uni-travelling carrier photodiodes (UTC-PD) based
on the InP/GaAsSb system could be used to 
eliminate the need for wideband electronic
amplification in the implementation of ultra-high
bit-rate photoreceivers operating at 80 Gbit/s and
upwards. Photoelectrons are generated in a 
p-type (Al)GaAsSb absorber and injected into an
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Figure 5: Looking for light emission from a heterostructure can give information on impact ionisation and hence device
degradation, according to researchers from MIT, Mitsubishi and Olin College.
Figure 6. Schematic of superlattice (SL) structure mediating
between the source/drain and channel of a typical HFET
device in the combined Matsushita/Nagoya Institute
research. The superlattice provide a multiple 2DEG 
(two-dimensional electron gas) over the source/drain
access region and reduces the potential barrier height at
the hetero-interface.
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InP collector, while the holes are removed
through an ohmic top contact through dielectric
relaxation.
For the DHBTs, the Simon Fraser University
researchers show higher breakdown voltages
compared with those based on the type-I
InP/GaInAs structure.The latter falls off rapidly
to the single HBT InP/GaInAs level as the collec-
tor thickness is reduced below 300 nm.The
Simon Fraser University team claims a new
record for a frequency, breakdown-voltage prod-
uct (fTxBVCEO) of 2300 GHz-V, based on an fT of
384 GHz and a BVCEO of 6 V, giving “outstanding
potential” for continued scaling.
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